Background. Bloodstream infections (BSIs) are an ever-present concern for clinicians evaluating ill-appearing pediatric patients with central venous catheters (CVCs) in the ambulatory care setting.
Indications for central venous catheter (CVC) use for outpatients are diverse, varying from administration of chemotherapy or antibiotics to the delivery of longterm parenteral nutrition. Children with CVCs are at high risk of infectious complications associated with the presence of the catheter itself, as well the child's underlying conditions [1, 2] . The epidemiology of and risk factors for nosocomial catheter-related bloodstream infections (BSIs) in children have been described elsewhere [3] [4] [5] [6] [7] [8] [9] . However, less is known about BSIs in pediatric patients with CVCs treated in the ambulatory care setting.
BSIs acquired in an outpatient setting may be different from those acquired in the hospital [10] . Although nosocomial catheter-related BSIs are most commonly caused by gram-positive skin flora [1, 11] , children with CVCs who are treated in the home may be at higher risk of infection with nonendogenous, waterborne gram-negative bacteria, particularly during the summer and fall months [12] . However, the severity of, risk factors for, and types of infections found in CVC-associated BSIs acquired in an outpatient setting remain largely unknown.
In our own health system, we have noticed a high percentage of polymicrobial CVC-associated BSIs among pediatric patients receiving outpatient therapy. Few studies have addressed the issue of polymicrobial BSIs [13] . In adults, polymicrobial BSI is associated with high levels of morbidity and mortality [14] [15] [16] [17] . The mortality rate for polymicrobial BSI may approach twice that for monomicrobial BSI [18] [19] [20] . Polymicrobial BSIs are also problematic for clinicians, because appropriate treatment frequently requires multiple broad-spectrum antibiotics. Additionally, antibiotic choices rely on prompt identification of all pathogens, and this takes more time and may be more costly than identification of a single pathogen [21] . Furthermore, less is known about which patients are at risk for these infections.
The goals of this study were to characterize the microbiology of and identify predictors for polymicrobial BSIs among pediatric patients with CVCs evaluated in the ambulatory care setting. We hypothesized that certain risk factors may predispose children to the development of polymicrobial BSIs: younger age, because of an inability to appropriately care for the catheter; presentation during the summer months, because of an increased likelihood of outdoor activities; and presence of an underlying gastrointestinal dysfunction, because of an increased risk for translocation of gut bacteria. A secondary aim of this study was to compare clinical outcomes between pediatric patients with polymicrobial BSI and those with monomicrobial BSI.
METHODS
Study design, setting, and participants. This retrospective case-control study was conducted at The Children's Hospital of Philadelphia, an urban tertiary care hospital in Pennsylvania. Case patients were defined as those patients with polymicrobial BSI, whereas patients with monomicrobial BSIs served as control subjects. All patients with a CVC were eligible for inclusion if they had a laboratory-confirmed BSI diagnosed after evaluation in the ambulatory setting at our hospital's main campus during the period 1 January 2000 through 31 December 2003. Ambulatory care sites included the emergency department and outpatient specialty care clinics, including those of the gastroenterology, hematology, oncology, infectious diseases, and pulmonology clinical services. Patients with multiple distinct episodes of BSI could be included more than once. This study was approved by the Committees for the Protection of Human Subjects with a waiver of informed consent.
Data collection. Positive blood culture results were identified among patients with a CVC by review of Clinical Microbiology Laboratory records. The ambulatory medical record and blood culture results of all patients with positive blood culture results in the context of a CVC were reviewed to identify those who met our study definition for laboratory-confirmed BSI. Study patients were randomly selected from all eligible patients over the study period by use of a computer-generated random-number table. The ambulatory and hospital medical records of patients selected for study inclusion were reviewed for the following additional information: demographic characteristics, visit location, comorbid medical conditions, catheter type, number of catheter lumens, date of catheter insertion, receipt of immunosuppressive medications (e.g., corticosteroids), use of growth factors or parenteral nutrition, receipt of antibiotics before diagnosis, recent health care visits or hospital discharge, recent BSI, signs and symptoms at initial evaluation, results of initial laboratory evaluation, and blood culture results. Data were collected with regard to clinical outcomes, including hospital disposition, date of discharge, death during hospitalization, date of catheter removal, and readmission for BSI.
Study definitions. A patient was considered to have laboratory-confirmed BSI if a recognized pathogen was isolated from у1 blood culture at the time of evaluation. In addition, a patient was also considered to have BSI if he or she had signs or symptoms of systemic illness (fever [temperature, 138.0ЊC], chills, or hypotension) and the same commensal bacterial species (i.e., diphtheriods, Bacillus species, Propioniobacterium species, coagulase-negative staphylococci, or micrococci) were isolated from у2 cultures of blood samples obtained during the initial evaluation. A BSI was considered to be polymicrobial if у2 pathogens were isolated from cultures of blood samples obtained within 48 h after initial evaluation, irrespective of whether the isolates came from the same or different blood culture bottles. We did not attempt to determine whether a BSI was directly attributable to the catheter itself because of the infrequent use of peripheral blood cultures in pediatric populations.
Recent hospital discharge was defined as discharge from the hospital within 7 days before the date that the positive blood culture sample was drawn. This variable was used not to distinguish hospital-from home-acquired infections, but instead to reflect the likelihood of adherence to standard catheter care guidelines. Recent BSI was defined as confirmed BSI within 30 days before the date that the positive blood culture specimen was drawn. A patient was considered to have underlying gastrointestinal dysfunction if he or she had received a previous diagnosis of inflammatory bowel disease or short-gut syndrome or if he or she was receiving parenteral nutrition at the time of initial evaluation.
Statistical analysis. Data were analyzed using Stata, version 9.2 (Stata Corp). Categorical variables were described using frequency distributions. Unadjusted analyses of potential risk factors for polymicrobial BSI were performed with x 2 tests to compare case patients and control subjects. A logistic regression 
Gram-negative organism Klebsiella species 12 (9) 14 (19) Enterobacter species 8 (6) 16 (22) Pseudomonas fluorescens-putida 7 (6) 5 (7) Acinetobacter species 6 (5) 18 (25) Pseudomonas aeruginosa 6 (5) 7 ( model was constructed to determine the independent effects of various demographic and clinical variables on the presence of polymicrobial BSI. Variables were considered for inclusion in the multivariable model if the P value was !.2. These variables remained in the final multivariable model if they were statistically significant or if their inclusion confounded the association between presence of polymicrobial BSIs and child age, as defined by a 110% change in the adjusted OR [22] . Building of the multivariable model also included the time of year of evaluation because of our a priori hypothesis. The categories of time of year were created on the basis of 3-month intervals to approximate seasons (December-February, March-May, June-August, and September-November). For variables with a prevalence of у20%, the inclusion of 200 patients with BSI would allow us to detect an OR of у2.3 with 80% statistical power ( ) if at least one-third of the patients had a p 0.05 polymicrobial BSI.
Case patients were also further subdivided on the basis of presence or absence of gram-negative bacilli, as follows: monomicrobial BSI with no gram-negative rod isolated, polymicrobial BSI with no gram-negative rod isolated, monomicrobial BSI with a gram-negative rod isolated, and polymicrobial BSI with at least 1 gram-negative rod isolated. These 4 groups were compared across various demographic and clinical risk factors by x 2 analysis. We also conducted secondary multivariate analyses among patients with polymicrobial BSI, comparing those who had at least 1 gram-negative rod identified with those for whom no gram-negative rod was isolated.
Differences in clinical outcomes between case patients and control subjects were assessed by logistic regression and ordinal logistic regression. Relative risks with 95% CIs were calculated to determine the magnitude and precision of the estimated effects. The following outcomes were considered: disposition after evaluation, length of hospital stay, removal of the child's CVC, and readmission for BSI within 30 days after hospital discharge. Length of stay was dichotomized at у7 days on the basis of the distribution of length of stay among all children in the study. Adjusted analyses were conducted to identify factors associated with prolonged length of stay.
RESULTS
During the study period, blood samples were obtained for culture through a CVC and were submitted to the Clinical Microbiology Laboratory for evaluation of 1987 episodes of suspected BSI. Blood culture results were positive for 387 episodes. Seventy-two cultures (18.6%) yielded a single commensal organism and were thus excluded from the study. Charts were reviewed for 220 randomly selected patients with positive blood culture results to obtain complete data for 200 children with CVC-associated BSI.
Seventy-three episodes of BSI (37%) were polymicrobial BSIs (table 1) . Most polymicrobial BSIs (92%) were detected from culture samples that had been drawn within 24 h after the initial presentation. Among patients with monomicrobial BSIs, the most commonly identified gram-positive organisms were coagulase-negative Staphylococcus species, Staphylococcus aureus, and viridans group streptococci, whereas Klebsiella and Enterobacter species were the most prevalent gram-negative isolates. The median number of organisms isolated from patients with polymicrobial BSI was 2 (range, 2-7). Of the polymicrobial BSI cases, 52 (71%) included identification of at least 1 gramnegative rod among the isolates (figure 1). The most prevalent organisms identified among our population with polymicrobial BSIs included coagulase-negative Staphylococcus species (36%), Enterobacter species (27%), and Acinetobacter species (25%). Twenty-six of 73 patients with polymicrobial BSI had a coagulase-negative Staphylococcus species isolated; 22 of these 26 patients had a coagulase-negative Staphylococcus species isolated in conjunction with only 1 other organism. Table 2 presents the unadjusted analyses of potential risk factors for polymicrobial BSI, compared with those for monomicrobial BSI, among children with CVC-associated BSI. Case patients were more likely than control subjects to be aged !2 years. However, case patients were less likely than control subjects to have been discharged from the hospital р7 days before evaluation. There were no statistically significant differences between case patients and control subjects with regard to sex, race, time of year of the child's visit, recent antibiotic use, or duration that the child's CVC was in place before evaluation. In addition, there were no differences among case patients and control subjects with regard to the year of the study during which the children were evaluated (data not shown). Table 3 shows the results of our multivariable model. Polymicrobial BSI was inversely related to age: children aged 0-2 years and 3-5 years of age were significantly more likely to have polymicrobial rather than monomicrobial BSI. Pediatric patients with a recent hospital discharge had a 50% reduction in the odds of having a polymicrobial BSI, compared with those who had not been recently hospitalized.
In secondary analyses, we further subdivided the population with CVC-associated BSI on the basis of presence or absence of gram-negative bacilli (figure 2). There were no significant differences among the 4 groups with regard to time of year of presentation (
, by x 2 test). However, pediatric patients P p .43 who had at least 1 gram-negative rod among the identified organisms, for those with either monomicrobial or polymicrobial BSIs, were significantly less likely to have presented during the winter months (4%) than during any other time of year (22% for March-May, 36% for June-August, and 38% for September-November;
). In fact, gram-negative rods were P p .044 much more likely to be identified during the warmer months (76% and 24% for May-October and November-April, respectively;
). P p .017 Finally, we compared clinical outcomes between case patients and control subjects (table 4). Children with polymicrobial BSI were significantly more likely to stay in the hospital for у1 week than were children with monomicrobial BSI (82% vs. 51%; relative risk, 2.75; 95% CI, 1.63-4.66). Patients with polymicrobial BSI had a median length of stay of 10 days, compared with 7 days for those with monomicrobial BSI (P ! , by Wilcoxon rank-sum test). Polymicrobial BSI remained .001 associated with a prolonged length of stay (adjusted OR, 4.01; 95% CI, 1.94-8.30; ) after adjustment for age category, P ! .001 recent hospital discharge, and underlying cancer. 
DISCUSSION
In our study of BSIs among children and adolescents with CVCs in ambulatory care, polymicrobial BSIs accounted for more than one-third of all BSIs. Young age was associated with an increased risk of polymicrobial BSI, compared with monomicrobial BSI, whereas patients who were recently discharged from the hospital had a lower risk of polymicrobial BSI. Compared with monomicrobial BSI, polymicrobial BSI was associated with prolonged length of hospitalization but not with other adverse outcomes, such as catheter removal or recurrent BSI. Compared with children aged 18 years, both infants (age, 0-2 years) and toddlers (age, 3-5 years) were significantly more likely to have polymicrobial BSI. Although previous studies have suggested that younger age may be a risk factor for catheter-related BSI [9, 10, 23] , these are the first estimates of the impact of age on the risk for polymicrobial BSI. There may be several reasons for this association. First, younger children may be less able to adequately maintain sterility of their catheters, largely because of development-related behaviors. They are more likely to inadvertently contaminate their own catheter hubs with oral flora or other bodily fluids. Fecal contamination of skin is also an alternative explanation in younger children. Further, small children likely do not understand that they cannot participate in the same activities as their peers without CVCs, such as swimming. Thus, it may be necessary for clinicians to consider typical behaviors of younger children and take proactive steps to reduce contamination; options include tunneling the catheter such that the hub cannot be put in a child's mouth or contacted by body fluids, applying antibiotic ointments to the catheter exit site [24] , and providing increased education to parents and caregivers of young children. Younger children with CVC-associated BSI may also be more likely to have polymicrobial BSI as a result of an immaturity of their immune system or as a result of differences in skin colonization, compared with older children [1] . Regardless, clinicians should be cognizant that BSIs are more likely to be polymicrobial in younger children with CVCs.
In contrast to the effects of a child's age, recent hospital discharge was associated with a lower risk of polymicrobial BSI. These data suggest that patients who have been hospitalized recently are more likely to be infected with only a single organism, possibly from contamination by skin flora [1, 25] . However, another explanation is that children who have recently been discharged from the hospital are more likely to receive appropriate catheter care-a skill that is routinely reinforced during hospitalization. And because almost threequarters of the patients with polymicrobial BSI in our study had infection with at least 1 gram-negative rod, polymicrobial BSI was less likely to be associated with skin contamination than with such sources as environmental water supplies, the mouth, or translocation of bacteria from the gut.
We predicted that the time of year of presentation would differ between children with polymicrobial BSI and those with monomicrobial BSI; specifically, we hypothesized that polymicrobial BSIs would be more common in warmer months. Although there were no seasonal differences between the groups, we did find that patients who had BSI due to at least 1 gramnegative rod were more likely to present during the period May-October. In fact, although only one-third of BSIs that occurred during November-April contained an identified gram-negative rod, this number increased to more than onehalf of BSIs during warmer months. These findings may be associated with the increased exposure to water sources that contain gram-negative rods during those months or because gram-negative rods grow more readily at warmer temperatures. Although both theories have been suggested previously [12] , these results may be useful clinically. Antimicrobial treatment of a child with suspected catheter-related infection is primarily directed at gram-positive skin flora. However, when determining appropriate empirical antibiotic therapy, consideration needs to be given to infections with gram-negative organisms that may be more prevalent during warmer months.
Among pediatric patients, polymicrobial BSIs account for 10% of BSIs acquired in the hospital setting [26] . In our study of patients in ambulatory care, polymicrobial BSIs accounted for more than one-third of all BSIs. This large proportion of CVC-associated polymicrobial BSIs among outpatient pediatric patients warrants attention. Although broad-spectrum empirical antimicrobial therapy is standard of care for patients with suspected CVC-related infection, clinicians should be mindful of the large percentage of polymicrobial BSIs among those with CVC-related BSIs and be wary of narrowing coverage until the results of all blood cultures obtained during the first 24-48 h after evaluation are available. In addition, unadjusted analysis revealed that polymicrobial BSIs were associated with a longer length of hospitalization. Although other outcomes did not differ significantly between patients with polymicrobial and monomicrobial BSIs, the increased length of stay merits consideration. First, an increased length of stay likely means that these infections are more costly, not only for the health care system but also for patients and their families. Second, polymicrobial BSIs may lead to prolonged hospitalization because appropriate treatment is more difficult, requiring a longer duration of therapy and more adjustments to the antibiotic regimen. Although our study was not primarily designed to assess the underlying reason for differences in clinical outcomes, these findings warrant future attention to determine the true association between polymicrobial BSI and length of stay.
This study has several limitations. First, as with any retrospective study, the extent of evaluation varied substantially from patient to patient. Although we collected data on all laboratory tests sent, we could not derive variables from the results of laboratory tests because of a paucity of data. Second, it is possible that some patients in our study accessed care outside of our health care network. If these children or adolescents were less likely to have polymicrobial BSI, then we overestimated the true proportion of patients with polymicrobial BSI. A final limitation to our study was the relative homogeneity of underlying diagnoses. Because most pediatric patients with CVCs had an underlying oncologic diagnosis or gastrointestinal disturbance, we were unable to assess the impact of less common underlying diagnoses on the risk of polymicrobial BSI.
Our study is the first to assess risk factors for polymicrobial BSI among children and adolescents with CVC-associated BSI in the outpatient setting. Young age was associated with an increased risk of polymicrobial BSI, whereas recent hospital discharge was associated with a decreased risk. In addition, infection with at least 1 gram-negative rod was less likely to occur during winter months in our study. These findings provide important information for clinicians who care for pediatric patients with CVCs in the ambulatory setting.
